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Abstract 



In most cases atherosclerosis is the underlying cause of vascular 
diseases, including heart disease and stroke. It is believed that 
endothelial injury is the earliest change in the artery wall and 
that this precedes the formation of lesions of atherosclerosis. 
Recent developments in the field of atherosclerosis have led to a 
renewed interest in the recognition of the parameter of time in the 
atherosclerosis process. We believe that the factors determining 
the time-dependent rate of atherosclerosis progression are 
important, and it is in this context that we wish to propose 
for the first time the term "atherosclerosis velocity". In this 
review article, we summarize the existing evidence regarding 
atherosclerosis velocity and discuss the importance of this issue. 
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Introduction 



Atherosclerosis is the most important underlying cause of cardiovascular 
disease, a major global cause of morbidity and mortality. 1 The 
prevalence of atherosclerotic cardiovascular diseases in Iran seems to 
be higher than that in Western countries. 2 3 Atherosclerosis is usually 
characterized by the disorders of lipid metabolism, leading to low- 
density lipoprotein cholesterol (LDL-C) deposition in the arterial wall, 
which is associated with an inflammatory response and results in a 
plaque formation. 45 

It is believed that endothelial injury is the earliest change in 
the artery wall and that this precedes the formation of lesions 
of atherosclerosis. Endothelial dysfunction is associated with 
increased leukocyte adhesion and increased endothelial 
permeability to lipoproteins and other plasma constituents. This 
is followed by the accumulation of a mixed leukocyte population 
within the subendothelial space. 6 The earliest macroscopically 
recognizable atherosclerotic lesions are fatty streaks. Lipid-laden 
monocytes, macrophages (foam cells), and T lymphocytes are 
known to be the essential components of fatty streaks. 6 Progression 
to intermediate and then advanced lesions is characterized by the 
formation of a fibrous cap overlying a lipid-rich core. The fibrous 
cap is known to be a balance between the smooth muscle cells 
producing collagen and the macrophages degrading collagen. The 
thickness of the cap depends on the relative activity of those two 
components and there is, therefore, a danger of the fibrous cap 
rupturing, which may lead to acute fatal cardiovascular events. 7 

Thrombosis occurs as a consequence of a ruptured fibrous 
cap, and this catastrophic phenomenon is very frequent at the 
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inflamed and thinned sites of the fibrous cap in 
advanced lesions. Thinning of the fibrous cap 
is apparently due to the continuing influx and 
activation of macrophages which release matrix 
metalloproteinases (MMPs) and other proteolytic 
enzymes at these sites. These enzymes cause 
the degradation of the matrix and can bring about 
thrombus formation and subsequent occlusion of 
the artery. 6 



Atherosclerosis Velocit 



One important aspect of atherogenesis that we 
believe has not received due attention is the 
rate at which atherosclerosis develops. Most 
previous work has focused on the development 
and progression of atherosclerosis, but the rate of 
progression has been largely ignored. For example, 
if we ask which risk factors or a combination of 
which risk factors are important for the rate of 
atherosclerosis development, it is unclear what 
they may be, although accelerated atherosclerosis 
has been described following angioplasty or heart 
transplantation. 8 

We believe that the factors determining the 
rate of progression are important, and it is in this 
context that we wish to propose for the first time 
the term "atherosclerosis velocity". Although the 
term "velocity" has not been previously employed 
in the context of atherosclerosis, we believe that 
this terminology and several aspects thereof can 



be drawn upon in a user-friendly way in future 
research. Basically, velocity is a parameter 
often used in physics and expresses "the rate of 
change of the position of an object, equivalent 
to a specification of its speed and direction 
of motion". 9 Velocity describes both how fast 
(i.e., time-dependent progression) and in what 
direction the object is moving. Therefore, we 
herein propose the term "atherosclerosis velocity" 
by taking into consideration plaque stability/ 
vulnerability, which accelerates the final phase 
of atherosclerosis. 

In this review article, we summarize the 
existing evidence regarding atherosclerosis 
velocity and discuss the importance of this 
issue. Indeed, we seek to explore the evidence 
that encompasses all the three essential 
atherosclerosis-related factors, namely time/ 
duration of atherosclerosis progression, plaque 
volume, and plaque vulnerability, in one study. 
We searched MEDLINE (1970-2013) using 
the subsequent keywords: "atherosclerosis 
progression"; "vulnerable plaque"; "risk factors"; " 
plaque volume"; "atherosclerosis regression"; and 
"atherosclerosis duration/ time". Searches were 
not limited by language or study format. We found 
a total of 147 studies. Moreover, we screened 
the reference lists of the identified articles to 
find additional relevant publications. Overall, we 
considered 6 studies to be relevant to this review 
and summarized them (figure 1). 



Articles identified through 
MEDLINE search 
(n=147) 



Additional records identified 
through other sources 
(n=0) 



Articles after duplicates removed 
(n=147) 



Articles screened 




Articles excluded 


(n= 


=76) 




<n=39) 



Full-text articles assessed 




Full-text articles excluded, 


for eligibility 




with reasons 




(n=37) 




(n=31) 



Studies showed our 
considered criteria 
(n=6) 



Figure 1: The flow chart shows the method of MEDLINE search in our article. 
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The following is a description of our new 
terminology and discussion of some related topics. 



Phases of Atherosclerosis and Related Factors 



Several previous investigations have proposed 
different phases for atherosclerosis progression. 1011 
We believe that atherogenesis can pragmatically 
be divided into two phases. The first phase covers 
the duration from the start of lipid deposition to 
subsequent plaque formation, and it may lead to 
stable and/or unstable plaques. This may be termed 
the "infrastructural" phase of atherosclerosis. In 
this period, the plaque may be visible or invisible 
(subacute) in angiography. However, new methods 
of imaging are capable of detecting the presence of 
early plaques. This first phase always happens in 
atherosclerosis. The second phase is frequently an 
acute phase, covering the duration from the point 
at which the plaque starts to rupture to thrombus 
formation, and it may give rise to acute coronary 
syndrome (ACS). This may be termed the "rupture- 
induced occlusion" phase. The second phase does 
not always happen in atherosclerotic patients, and 
subsequent ischemic events occur only because 
of gradual arterial narrowing in these patients 
(figure 2). A common finding in clinics is that the 
electrocardiogram (ECG) in patients with coronary 
artery disease, but with no previous history of 
myocardial infarction (Ml) and also no detectable 
sign of Ml in the ECG, shows only ischemic patterns 
such as T inversion or ST depression: this is a 
reflection of long-term ischemia without any acute 
infarction. After the first phase, minor ruptures and 
subsequent repair and also regression might occur. 
Nevertheless, the occurrence of a clinically relevant 

Infrastructural phase 



acute event is what constitutes the second phase. 
This classification is a general one that comprises 
all previous data regarding several phases for 
atherosclerosis. Furthermore, this classification is 
easier to use in a clinical context. 

The pathological mechanisms leading from 
stable lesions to the formation of vulnerable 
plaques remain in doubt, and the associated 
clinical events are unpredictable. 12 Several 
attempts have been made to use imaging 
techniques such as magnetic resonance imaging 
(MRI) to monitor the formation and progression of 
atherosclerotic plaques in rodents and rabbits. 12-14 

Skogsberg et al. 15 reported that in atherosclerosis- 
prone mice with human-like hypercholesterolemia, 
atherosclerotic lesions initially progressed slowly 
and then showed a rapid expansion. Subsequent 
to advanced lesions, a plateau trend existed in 
these atherosclerotic mice. Accumulation of 
lipid-poor macrophages was demonstrated to 
be associated with the rapid expansion phase. 

It is important to mention that the atherosclerotic 
lesion is not pathologically homogeneous and 
atherosclerosis, far from being a linear model, is at 
times rapid and at others slow. 16 The unpredictable 
and often episodic nature of atherosclerosis 
progression can be explained by the rapid increase 
of stenosis severity due to thrombosis. 7 

According to our proposed practical classification 
of atherosclerosis phases, atherosclerosis velocity 
includes the time-dependent development of the 
plaque from endothelial injury to acute arterial 
thrombosis. 

In terms of the phases of atherosclerosis, 
there is little information available on the 
evaluation of the factors that affect the duration 

Rupture induce occlusion 



Plaque volume (Vo) at time to Plaque volume (V i) at time ti 

v=(V I index) - t 



V i -V 0 (% or nm) t] -to (month s) 

I: Index of the instability of a plaque, from +1 to +2. It either can be valued 1 for a plaque which does not experience any clinical 
acute event during time t or can be valued 2 for a plaque which results in acute occlusion. 
V 0(%) is the true percentage of lumen stenosis/ or plaque volume at t 0 time. 
V, (%) is the true percentage of lumen stenosis/ or plaque volume at t, time, 
t (months) : t 1 -t 0 

v: atherosclerosis velocity (% or nm /months) 



Figure 2: (Atherosclerosis Velocity). This figure presents the description and application of atherosclerosis velocity. This 
equation can be used in prospective studies for investigating the association between traditional and novel risk factors and 
atherosclerosis velocity. 
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of infrastructural and subsequent rupture-induced 
occlusion separately. If investigators focus on the 
concept of "time" for atherosclerosis development, 
it may result in considerable prevention of 
cardiovascular events. As a consequence, 
atherosclerosis-related morbidity/mortality can 
be effectively prevented. 



Description of Atherosclerosis Velocit 



Our suggested description of atherosclerosis 
velocity (v) is described in this section. It is worthy 
of note that this formula/description is intended, for 
the time being, only to further clarify the concept of 
atherosclerosis velocity. Accordingly, it is completely 
hypothetical and its application should be tested in 
several animal and human studies. 
v=(V*| index)-M: 

V 0 (%) is the true percentage of lumen stenosis/ or 
plaque volume at t 0 time. 

V 1 (%) is the true percentage of lumen stenosis/ or 
plaque volume at t 1 time. 
V(%):V r V 0 
t (months): t r t 0 

v: atherosclerosis velocity (% or nm / months) 

The I index represents the instability of a 
plaque and either can be valued 1 for a plaque 
that does not experience any clinical acute event 
during time t or can be valued 2 for a plaque that 
experiences acute occlusion/ thrombosis. 

"I" is a parameter that may change during 
further investigations and new items or new 
scoring might be added to this parameter. If new 
imaging methods in the future (e.g., intravascular 
ultrasonography, computed tomography 
angiography, and angioscopy) can precisely 
determine the "I" score at different times and 
preferably with a none-invasive approach, this 
index might become more precise and detailed. 

At this point in time, the identification of the "I" 
score may not be very precise. The introduction 
of the "I" score might prove more useful when a 
precise method for the identification of instability is 
identified. However, clinical acute coronary events 
can always be deemed the highest "I" score. This 
equation can be used in prospective studies on 
the association between traditional and novel risk 
factors and atherosclerosis velocity. A summary of 
the description and application of atherosclerosis 
velocity can be observed in figure 2. 



Importance of Atherosclerosis Velocit 



We believe that in several previous investigations, 
atherosclerosis velocity has not been sufficiently 
studied. In other words, as much as we currently 
know various parameters believed to be the 
causative or consequence factors of atherosclerosis, 



we really do not have a good understanding of the 
effects of these factors on atherosclerosis velocity. 

Saremi et al. 17 reported that Pioglitazone, 
a drug of the Thiazolidinedione class with 
hypoglycemic action to treat diabetes, slowed 
the progression of carotid intima media thickness 
(IMT) during an average follow-up of 2.3 years 
compared to placebo. Imagine if another study 
examines compound X in a matched group of 
patients and reaches the same curve of IMT 
decrease but in one year; it would mean that 
compound X could decrease atherosclerosis 
velocity almost by 50%. Another example in 
this regard is the study of Yamazaki et al. 18 They 
showed that in patients under statin therapy at a 
12-month measurement point, mean-IMT change 
was correlated with LDL-C and LDL-C/ HDL-C. 

Sun et al. 19 recently performed an interesting 
study which almost combined all three 
parameters of time/ duration, plaque volume, and 
plaque vulnerability/instability characteristics. 
The authors characterized the impact of 
atherosclerosis on the short-term (6 months) 
natural history of the lipid-rich necrotic core 
(LRNC) in carotid artery plaques using MRI and 
concluded that LRNC was essentially affected 
by the characteristics of plaque stability, which 
seemed to be even more important than clinical 
features. 

Several previous articles have concluded that 
atherosclerosis is a chronic disease. 4 5 However, 
we think that it is time we considered the term 
"acute atherosclerosis". Acute atherosclerosis 
represents a rupture-induced occlusion and is a 
disorder that may develop even a very short time 
after plaque formation. 

Atherosclerosis velocity has dependency on 
plaque stabilization and acute rupture. Therefore, 
if we assume that the endpoint of atherosclerosis 
is acute coronary occlusion and/or gradual 
arterial narrowing-induced ischemia, we should 
then turn our attention to the risk factors that 
contribute to a rise in atherosclerosis velocity. 
Inflammation is known to be a crucial component 
of atherosclerosis 10,20 ' 21 and plays an important 
role in plaque instability. 22 Indeed, time and 
plaque volume are also two important factors in 
atherosclerosis development and progression. 
Be that as it may, from a clinical perspective, 
a combination of all the three parameters of 
plaque volume, time of plaque progression, and 
instability indices of plaques is critical. 

Atherosclerosis velocity may show a wide 
range in future studies. When a small unstable 
plaque can rapidly rupture and result in total 
coronary occlusion and when a large plaque 
can persist for a longer time (or at least when 
it does not lead to complete occlusion), we can 
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easily see the importance of atherosclerosis 
velocity. Clinically, atherosclerosis velocity 
vis-a-vis an asymptomatic/sub-acute arterial 
plaque is a highly unpredictable process. 
Asymptomatic/sub-acute vulnerable plaques in 
coronary arteries account for a significant level 
of acute cardiovascular events. 23 Their main risk 
is associated with their acute rupture, which may 
result in fatal Ml or stroke. 23 Recently, the role of 
microcalcifications embedded in the vulnerable 
fibrous cap in the development of acute ruptures 
has been highlighted. 24 25 Liang et al. 26 performed 
an interesting study using intravascular ultrasound 
(IVUS) in patients and proved that the occurrence 
of a microcalcification in the atherosclerotic plaque 
fibrous cap considerably increased the risk of the 
rupture of a vulnerable plaque. IVUS also seems 
to be capable of quantifying atherosclerotic 
plaques as well as positive and negative vascular 
remodeling. 27 Intraplaque hemorrhage also has 
been considered a factor which accelerates sub- 
clinical atherosclerosis. 28-30 



to propose novel techniques for the detection 
of macrophage-rich atherosclerotic plaques in 
hyperlipidemic animals. 3738 

Other putative and novel risk factors like 
increased inflammatory response-related 
factors (e.g., C-reactive protein [CRP]) also have 
been shown to be effective in atherosclerosis 
development. 39 41 Variation in trace elements 
also plays a crucial role in the initiation and 
establishment of atherosclerosis. 42 44 The 
effects of these putative and novel risk factors 
on atherosclerosis velocity also have not been 
revealed in previous studies. Risk factors 
still cannot predict cardiovascular events 
perfectly insofar as atherogenesis is a multi- 
step process and critical transitions between 
the aforementioned phases of atherosclerosis 
require a complex of risk factors, which may differ 
for each step. 45 



Imaging and Biochemical Biomarkers: a Key 
for Further Atherosclerosis Velocity Studies 



Risk Factors and Atherosclerosis Velocit 



Regarding atherosclerosis velocity, we believe that 
we should be extremely precise when indicating 
the impact of risk factors on all the elements of 
atherosclerosis velocity. To our knowledge, there is 
currently a lack of evidence in terms of the effects of 
traditional cardiovascular risk factors (hypertension, 
hyperlipidemia, diabetes mellitus, and smoking) 
on atherosclerosis velocity. The effects of these 
traditional risk factors have been proved in 
atherosclerosis development and progression. 3133 
Regardless of the effects of these traditional risk 
factors on the development of the atherosclerotic 
plaque, a growing body of evidence demonstrates 
their impact on rupture-induced occlusion. 

Mauriello et al. 34 analyzed a large number of 
endarterectomy specimens from symptomatic 
and asymptomatic patients to explore the 
association between cardiovascular risk factors 
and carotid plaque morphology. The authors 
succeeded in proving a strong association 
between hypertension and vulnerable and 
thrombotic carotid plaques. 34 Diabetes mellitus/ 
hyperglycemia-induced oxidative stress/reactive 
oxygen species is one of the factors that can 
promote both vascular smooth muscle cell 
proliferation/migration in atherosclerotic lesions 
and vascular smooth muscle cell apoptosis, 
which results in atherosclerotic plaque instability 
and rupture. 35 Macrophages, which seem to be 
crucial components of unstable plaques, play 
an important role in the destabilization process, 
whereas smooth muscle cells contribute to plaque 
stability. 36 Several attempts have been made 



It has been demonstrated that an inflamed arterial 
wall with upregulated adhesion molecules is a basic 
factor which leads to leukocyte migration into the 
arterial wall; and with increasing levels of activated 
leukocyte products (like interleukin 6), hepatic 
CRP may be induced. 39 Inflammation has been 
shown to be allied to the presence and severity of 
atherosclerotic vascular disease. 46 

Deposition of LDL-C over the inflamed arterial 
wall results in fatty streak formation by recruiting 
vascular smooth muscle cells and can eventually 
form fibrous plaques. 39 Fibrous plaques are 
the end product of the infrastructural phase 
of atherosclerosis. Due to the characteristics 
of the fibrous plaque (stable or unstable), the 
subsequent second phase of atherosclerosis is 
expected. 4748 

Several invasive and noninvasive techniques 
have been proposed to assess the quality of 
atherosclerotic plaques. Optical coherence 
tomography (OCT) and IVUS have shown 
sufficient feasibility to characterize lipid-rich 
plaques and fibrous plaques. 49 50 As regards the 
volume of plaques, MRI seems to be a reliable 
noninvasive technique for tracking the regression 
and progression of atherosclerotic plaques. 30 
Recently, a combination of multi-vessel IVUS 
and near-infrared spectroscopy techniques has 
exhibited promising efficacy in the detection of 
the development of inflamed fibroatheromas with 
thinnerfibrous caps, greater plaques, and necrotic 
core areas possessing the characteristics of 
increased plaque instability. 51 

We think that one of the most important factors 
which determine atherosclerosis velocity is the 
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mechanical stability of the plaque. Unstable 
plaques with thinner fibrous caps and an excess 
of inflammatory cells in the outer region 4752 53 are 
prone to induce acute thrombosis and subsequent 
cardiac events. However, all ruptures may not 
result in ACS. 54 Several assumptions inherent 
in the usefulness of biochemical biomarkers 
may not be entirely valid in the prediction of 
acute events/plaque rupture. 55 The emerging 
application of nanotechnology for the diagnosis 
and management of vulnerable atherosclerotic 
plaques seems to be promising for future studies. 56 
At present, we do not have any accurate 
biomarkers for the instability index. 57 Nonetheless, 
several biomarkers have previously proved 
relatively efficient in the prediction of plaque 
instability (e.g., CRP, MMPs, and heat shock 
proteins). 58-60 Recently, molecular imaging of 
atherosclerosis has demonstrated acceptable 
efficacy in animal studies, but such methods have 
yet to be fully explored in human studies. 10 



Plaque Regression: Atherosclerosis Velocity 
Slowdown 



In regard to plaque regression, time-dependent 
regression is also of significance (i.e., slowing 
down atherosclerosis velocity). We think that we 
should focus on the factors which exacerbate 
atherosclerosis velocity in order to be able to prevent 
ACS. Risk factor modification is a tool which may 
decrease atherosclerosis velocity by preventing 
plaque volume growth, decreasing the duration of 
atherosclerosis progression, and thwarting factors 
which may result in plaque instability (e.g., smoking 
cessation). Tani et al. 61 conducted a 6-month 
prospective observational study on 114 patients 
with coronary artery disease using volumetric IVUS 
to asses the atherosclerosis plaque volume. They 
concluded that a change in the LDL-C/HDL-C ratio 
was a clinical tool for the prediction of plaque volume 
regression. This interesting study characterized an 
important factor which reduces atherosclerosis 
velocity and consequent plaque volume regression. 

High-density lipoprotein cholesterol (HDL-C) 
is thought to be involved in reverse cholesterol 
transport. 62 Also, HDL-C has antioxidant properties 
and may attenuate the impact of oxidative stress 
on LDL-C. 16 ' 63 Therefore, high levels of HDL-C are 
associated with a reduction in the development of 
atherosclerotic cardiovascular diseases through 
the accumulation of too much cholesterol. 64 Data 
from the Framingham Study suggest that a 0.03 
mmol/L increase in HDL-C levels is associated 
with a 3% decrease in the incidence of coronary 
artery disease in women compared with a 2% 
decrease in men. 65 Feig et al. 66 stated that HDL-C 
promoted rapid atherosclerosis regression in 



mice and altered the inflammatory properties 
of plaque monocyte-derived cells. It seems that 
HDL-C improvement has a crucial role in the 
reduction of atherosclerosis velocity. 

Statins are known to be capable of regressing 
atherosclerotic plaques. 6768 Nevertheless, the 
effects of statins, specifically on atherosclerosis 
velocity, are not clear. Two important meta- 
analyses suggest that statin therapy results 
in atherosclerosis regression when LDL-C is 
substantially reduced and HDL-C is increased. 69,70 
Statins are believed to be effective in the 
reduction of pro-oxidant/antioxidant balance as 
well as inflammation-induced atherosclerosis 
progression. 7172 

Antiplatelet therapy seems to be effective in 
reducing atherosclerosis velocity by inhibiting both 
the first and second phases of atherosclerosis. 73 
Anti-inflammatory effects of antiplatelet 
medication are effectual in atherosclerosis 
velocity reduction by decreasing the volume 
of atherosclerosis plaques. 73 Also, antiplatelet 
therapy through inhibiting the adverse effects of 
activated platelets can indirectly raise the stability 
status of plaques 73 and subsequently lessen 
atherosclerosis velocity. Decreased inflammatory 
process in atherosclerosis plaques also directly 
leads to increased plaque stability. 16 However, the 
effect of time-related reduction on antiplatelets 
should be clarified in future studies. 

All previous investigations have focused 
only on the probability of plaque regression at 
the expense of almost neglecting the imperative 
parameter of time. We recommend that future 
studies be designed based on the probable 
association between statin therapy and 
atherosclerosis velocity reduction. 



Conclusion 



We proposed a new concept in the field 
of atherosclerosis by suggesting the term 
"atherosclerosis velocity", which encompasses 
all the three essential parameters of volume of 
plaque, time/ duration of plaque progression, and/ 
or acute rupture and plaque stability. Our review 
article reveals that the previous studies have not 
sufficiently probed into these three parameters. We 
believe if the concept of atherosclerosis velocity 
is applied in further experiments, especially in 
experimental models, we can expect a practical 
curve of atherosclerosis. 

Conflict of Interests: None declared. 



References 



1 Poole-Wilson PA. Global differences in 



Iran J Med Sci September 201 3; Vol 38 No 3 



215 



Kazemi-Bajestani SMR, Ghayour-Mobarhan M 



atherosclerosis. In: Willerson JT, Cohn JN, 
editors. Cardiovascular Medicine. London: 
Springer-Verlag; 2007. p. 653-8. 

2 Ebrahimi M, Kazemi-Bajestani SMR, Ghayour- 
Mobarhan M, Ferns GAA. Coronary Artery 
Disease and Its Risk Factors Status in Iran: A 
Review. Iran Red Crescent Med J. 2011 ;1 3:610- 
23. doi: 10.5812/kowsar.20741804.2286. 

3 Azarpazhooh MR, Etemadi MM, Donnan GA, 
MokhberN, Majdi MR, Ghayour-Mobarhan M, 
et al. Excessive incidence of stroke in Iran: 
evidence from the Mashhad Stroke Incidence 
Study (MSIS), a population-based study of 
stroke in the Middle East. Stroke. 2010;41:e3- 
e10. doi: 10.1161/STROKEAHA.109. 559708. 
PubMed PMID: 19926844. 

4 Libby P, Ridker PM, Hansson GK; Leducq 
Transatlantic Network on Atherothrombosis. 
Inflammation in atherosclerosis: from 
pathophysiology to practice. J Am Coll 
Cardiol. 2009;54:2129-38. doi: 10.1016/j. 
jacc.2009.09.009. PubMed PMID: 19942084; 
PubMed Central PMCID: PMC2834169. 

5 Libby P, Okamoto Y, Rocha VZ, Folco E. 
Inflammation in atherosclerosis: transition 
from theory to practice. Circ J. 2010;74:213- 
20. PubMed PMID: 20065609. 

6 Ross R. Atherosclerosis—an inflammatory 
disease. N Engl J Med. 1999;340:115-26. 
PubMed PMID: 9887164. 

7 Kaski JC. Rapid coronary artery disease 
progression and angiographic stenosis 
morphology. Ital Heart J. 2000;1:21-5. 
PubMed PMID: 10868918. 

8 Borges JC, Lopes N, Soares PR, Gois 
AF, Stolf NA, Oliveira SA, et al. Five- 
year follow-up of angiographic disease 
progression after medicine, angioplasty, or 
surgery. J Cardiothorac Surg. 2010;5:91. 
doi: 10.1186/1749-8090-5-91. PubMed 
PMID: 20977758; PubMed Central PMCID: 
PMC2987924. 

9 Wilson EB. Vector analysis; a text-book for the 
use of students of mathematics and physics. 
New York: C. Scribner's Sons; 1901. p. 125. 

10 Libby P, Ridker PM, Hansson GK. Progress 
and challenges in translating the biology of 
atherosclerosis. Nature. 2011;473:317-25. 
doi: 1 0.1 038/nature1 0146. PubMed PMID: 
21593864. 

11 Soufi M, Sattler AM, Maisch B, Schaefer 
JR. Molecular mechanisms involved in 
atherosclerosis. Herz. 2002;27:637-48. doi: 
10.1007/s00059-002-2431-2. PubMed PMID: 
12439635. 

12 Millon A, Canet-Soulas E, Boussel L, Fayad 
Z, Douek P. Animal models of atherosclerosis 
and magnetic resonance imaging for 

216 



monitoring plaque progression. Vascular. 
2013. PubMed PMID: 23493278. 

13 Helft G, Worthley SG, Fuster V, Fayad ZA, 
Zaman AG, Corti R, et al. Progression 
and regression of atherosclerotic lesions: 
monitoring with serial noninvasive 
magnetic resonance imaging. Circulation. 
2002;105:993-8. doi: 10.1161/hc0802.104325. 
PubMed PMID: 11864931. 

14 Sirol M, Moreno PR, Purushothaman KR, 
Vucic E, Amirbekian V, Weinmann HJ, et al. 
Increased neovascularization in advanced 
lipid-rich atherosclerotic lesions detected by 
gadofluorine-M-enhanced MRI: implications 
for plaque vulnerability. Circ Cardiovasc 
Imaging. 2009;2:391-6. doi: 10.1161/ 
CIRCIMAGING.108. 801712. PubMed PMID: 
19808627. 

15 Skogsberg J, Lundstrom J, KovacsA, Nilsson 
R, Noori P, Maleki S, et al. Transcriptional 
profiling uncovers a network of cholesterol- 
responsive atherosclerosis target genes. PLoS 
Genet. 2008;4:e1000036. doi: 10.1371/journal. 
pgen.1000036. PubMed PMID: 18369455; 
PubMed Central PMCID: PMC2265530. 

16 Matsuda Y, Kramer JR, Matsuda M. 
Progression and regression of coronary 
artery disease-linkage of clinical, pathologic, 
and angiographic findings. Clin Cardiol. 
1995;18:412-7. doi: 10.1002/clc.4960180710. 
PubMed PMID: 7554547. 

17 Saremi A, Schwenke DC, Buchanan TA, Hodis 
HN, Mack WJ, Banerji M, et al. Pioglitazone 
slows progression of atherosclerosis in 
prediabetes independent of changes in 
cardiovascular risk factors. Arterioscler 
Thromb Vase Biol. 2013;33:393-9. doi: 
10.1161/ATVBAHA.112. 300346. PubMed 
PMID: 23175674. 

18 Yamazaki T, Nohara R, Daida H, Hata M, 
Kaku K, Kawamori R, et al. Intensive lipid- 
lowering therapy for slowing progression as 
well as inducing regression of atherosclerosis 
in Japanese patients: subanalysis of the JART 
study. Int Heart J. 2013;54:33-9. PubMed 
PMID: 23428922. 

19 Sun J, Balu N, Hippe DS, Xue Y, Dong L, Zhao 
X, et al. Subclinical Carotid Atherosclerosis: 
Short-term Natural History of Lipid-rich 
Necrotic Core— A Multicenter Study with 
MR Imaging. Radiology. 2013;268:61-8. doi: 
10.1148/radiol.13121702. PubMed PMID: 
23513240. 

20 Azarpazhooh MR, Mobarra N, Parizadeh 
SM, Tavallaie S, Bagheri M, Rahsepar AA, 
et al. Serum high-sensitivity C-reactive 
protein and heat shock protein 27 antibody 
titers in patients with stroke and 6-month 

Iran J Med Sci September 201 3; Vol 38 No 3 



Atherosclerosis velocity and cardiovascular risk 



prognosis. Angiology. 2010;61:607-12. doi: 
10.1177/0003319709360524. PubMed PMID: 
20150172. 

21 Ghayour-Mobarhan M, Saber H, Ferns 
GA. The potential role of heat shock 
protein 27 in cardiovascular disease. Clin 
Chim Acta. 2012;413:15-24. doi: 10.1016/j. 
cca.2011.04.005. PubMed PMID: 21514288. 

22 Lamb DJ, El-Sankary W, Ferns GA. 
Molecular mimicry in atherosclerosis: a role 
for heat shock proteins in immunisation. 
Atherosclerosis. 2003;167:177-85. doi: 
10.1016/S0021-9150(02)00301-5. PubMed 
PMID: 12818399. 

23 Yazdani SK, Vorpahl M, Ladich E, Virmani R. 
Pathology and vulnerability of atherosclerotic 
plaque: identification, treatment options, and 
individual patient differences for prevention of 
stroke. Curr Treat Options Cardiovasc Med. 
2010;12:297-314. doi: 10.1007/s11936-010- 
0074-9. PubMed PMID: 20842549. 

24 Maldonado N, Kelly-Arnold A, Vengrenyuk 
Y, Laudier D, Fallon JT, Virmani R, et 
al. A mechanistic analysis of the role 
of microcalcifications in atherosclerotic 
plaque stability: potential implications for 
plaque rupture. Am J Physiol Heart Circ 
Physiol. 2012;303:H619-28. doi: 10.1152/ 
ajpheart.00036.2012. PubMed PMID: 
22777419; PubMed Central PMCID: 
PMC3468470. 

25 Rambhia SH, Liang X, Xenos M, Alemu Y, 
Maldonado N, Kelly A,etal. Microcalcifications 
increase coronary vulnerable plaque rupture 
potential: a patient-based micro-CT fluid- 
structure interaction study. Ann Biomed Eng. 
2012;40:1443-54. doi: 10.1007/s10439-012- 
0511-x. PubMed PMID: 22234864. 

26 Liang X, Xenos M, Alemu Y, Rambhia SH, 
Lavi I, Kornowski R, et al. Biomechanical 
factors in coronary vulnerable plaque risk 
of rupture: intravascular ultrasound-based 
patient-specific fluid-structure interaction 
studies. Coron Artery Dis. 2013;24:75-87. doi: 
10.1097/MCA.0b013e32835bbe99. PubMed 
PMID: 23363983. 

27 Tardif JC, Lesage F, Harel F, Romeo 
P, Pressacco J. Imaging biomarkers in 
atherosclerosis trials. Circ Cardiovasc 
Imaging. 2011;4:319-33. doi: 10.1161/ 
CIRCIMAGING.110. 962001. PubMed PMID: 
21586743. 

28 Daemen MJ, Kooi ME. Intraplaque 
hemorrhage as a stimulator of episodic 
growth of advanced, but nonsymptomatic 
atherosclerotic lesions bridging the gap. 
JACC Cardiovasc Imaging. 2009;2:1390-2. 
doi: 10.1016/j.jcmg.2009.09.009. PubMed 



PMID: 20083073. 

29 Underhill HR, Yuan C, Yarnykh VL, Chu 
B, Oikawa M, Polissar NL, et al. Arterial 
remodeling in [corrected] subclinical 
carotid artery disease. JACC Cardiovasc 
Imaging. 2009;2:1381-9. doi: 10.1016/j. 
jcmg.2009.08.007. PubMed PMID: 20083072; 
PubMed Central PMCID: PMC2830091. 

30 Adams GJ, Greene J, Vick GW 3rd, Harrist 
R, Kimball KT, Karmonik C, et al. Tracking 
regression and progression of atherosclerosis 
in human carotid arteries using high-resolution 
magnetic resonance imaging. Magn Reson 
Imaging. 2004;22:1249-58. doi: 10.1016/j. 
mri.2004.08.020. PubMed PMID: 15607096. 

31 DAgostino RB Sr, Vasan RS, Pencina MJ, 
Wolf PA, Cobain M, Massaro JM, et al. 
General cardiovascular risk profile for use in 
primary care: the Framingham Heart Study. 
Circulation. 2008;117:743-53. doi: 10.1161/ 
CIRCULATIONAHA.107.699579. PubMed 
PMID: 18212285. 

32 Pencina MJ, DAgostino RB Sr, Larson MG, 
Massaro JM, Vasan RS. Predicting the 30-year 
risk of cardiovascular disease: the framingham 
heart study. Circulation. 2009;119:3078-84. 
doi: 10.1161/CIRCULATIONAHA.108. 816694. 
PubMed PMID: 19506114; PubMed Central 
PMCID: PMC2748236. 

33 Ebrahimi M, Kazemi-Bajestani SM, Ghayour- 
Mobarhan M, Moohebati M, Paydar R, 
Azimi-Nezhad M, et al. Metabolic syndrome 
may not be a good predictor of coronary 
artery disease in the Iranian population: 
population-specific definitions are required. 
ScientificWorldJournal. 2009;9:86-96. 
doi: 10.1100/tsw.2009.17. PubMed PMID: 
19219372. 

34 Mauriello A, Sangiorgi GM, Virmani R, 
Trimarchi S, Holmes DR Jr, Kolodgie FD, et 
al. A pathobiologic link between risk factors 
profile and morphological markers of carotid 
instability. Atherosclerosis. 2010;208:572-80. 
doi: 10.1016/j. atherosclerosis.2009.07.048. 
PubMed PMID: 19683236. 

35 Fiorentino TV, Prioletta A, Zuo P, Folli F. 
Hyperglycemia-induced Oxidative stress 
and its Role in Diabetes Mellitus related 
Cardiovascular Diseases. Curr Pharm Des. 
2013. PubMed PMID: 23448484. 

36 Croons V, Martinet W, De Meyer GR. Selective 
removal of macrophages in atherosclerotic 
plaques as a pharmacological approach 
for plaque stabilization: benefits versus 
potential complications. Curr Vase Pharmacol. 
2010;8:495-508. PubMed PMID: 19485918. 

37 Korosoglou G, Weiss RG, Kedziorek DA, 
Walczak P, Gilson WD, Schar M, et al. 



Iran J Med Sci September 201 3; Vol 38 No 3 



217 



Kazemi-Bajestani SMR, Ghayour-Mobarhan M 



Noninvasive detection of macrophage-rich 
atherosclerotic plaque in hyperlipidemic rabbits 
using "positive contrast" magnetic resonance 
imaging. J Am Coll Cardiol. 2008;52:483- 
91. doi: 10.1016/j.jacc.2008.03.063. PubMed 
PMID: 18672170; PubMed Central PMCID: 
PMC2628468. 

38 Schmitz SA, Coupland SE, Gust R, 
Winterhalter S, Wagner S, Kresse M, 
et al. Superparamagnetic iron oxide- 
enhanced MRI of atherosclerotic plaques 
in Watanabe hereditable hyperlipidemic 
rabbits. Invest Radiol. 2000;35:460-71. doi: 
10.1097/00004424-200008000-00002. 
PubMed PMID: 10946973. 

39 Ferns GA. New and emerging risk factors 
for CVD. Proc Nutr Soc. 2008;67:223-31. 
doi: 10.1017/S0029665108007064. PubMed 
PMID: 18412996. 

40 Kazemi-Bajestani SM, Ghayour-Mobarhan 
M, Ebrahimi M, Moohebati M, Esmaeili HA, 
Ferns GA. C-reactive protein associated with 
coronary artery disease in Iranian patients 
with angiographically defined coronary artery 
disease. Clin Lab. 2007;53:49-56. PubMed 
PMID: 17323825. 

41 RahseparAA, Mirzaee A, Moodi F, Moohebati 
M, Tavallaie S, Khorashadizadeh F, et al. 
Changes in anti-heat shock protein 27 antibody 
and C-reactive protein levels following cardiac 
surgery and their association with cardiac 
function in patients with cardiovascular 
disease. Cell Stress Chaperones. 2013;18:65- 
74. doi: 10.1007/s12192-012-0358-y. PubMed 
PMID: 22843452; PubMed Central PMCID: 
PMC3508121. 

42 Ghayour-Mobarhan M, Taylor A, Kazemi- 
Bajestani SM, Lanham-New S, Lamb DJ, 
Vaidya N, et al. Serum zinc and copper status 
in dyslipidaemic patients with and without 
established coronary artery disease. Clin Lab. 
2008;54:321-9. PubMed PMID: 19097489. 

43 Kazemi-Bajestani SM, Ghayour-Mobarhan 
M, Ebrahimi M, Moohebati M, Esmaeili HA, 
Parizadeh MR, et al. Serum copper and zinc 
concentrations are lower in Iranian patients 
with angiographically defined coronary 
artery disease than in subjects with a normal 
angiogram. J Trace Elem Med Biol. 2007;21 :22- 
8. doi: 10.1016/j.jtemb.2006.11.005. PubMed 
PMID: 17317522. 

44 Parizadeh SM, Moohebati M, Ghafoori 
F, Ghayour-Mobarhan M, Kazemi- 
Bajestani SM, Tavallaie S, et al. Serum 
selenium and glutathione peroxidase 
concentrations in Iranian patients with 
angiography-defined coronary artery 
disease. Angiology. 2009;60:186-91. doi: 



10.1177/0003319708319780. PubMed PMID: 
18586758. 

45 Ferns GA. Multiple step-variable 
pathway hypothesis: a reason why 
predictions fail in atherosclerosis. Med 
Hypotheses. 2008;71:923-6. doi: 10.1016/j. 
mehy.2008.07.014. PubMed PMID: 18762385. 

46 Pourghadamyari H, Moohebati M, Parizadeh 
SM, Falsoleiman H, Dehghani M, Fazlinezhad 
A, et al. Serum antibody titers against 
heat shock protein 27 are associated with 
the severity of coronary artery disease. 
Cell Stress Chaperones. 2011;16:309-16. 
doi: 10.1007/s12192-010-0241-7. PubMed 
PMID: 21107776; PubMed Central PMCID: 
PMC3077226. 

47 Lendon CL, Davies MJ, Born GV, Richardson 
PD. Atherosclerotic plaque caps are locally 
weakened when macrophages density is 
increased. Atherosclerosis. 1991;87:87-90. 
doi: 10.1016/0021-91 50(91 )90235-U. PubMed 
PMID: 1872926. 

48 Sarno G, Vanhoenacker P, Decramer I, 
Schuijf JD, Pundziute G, Margolis P, et 
al. Characterisation of the "vulnerable" 
coronary plaque by multi-detector 
computed tomography: a correlative 
study with intravascular ultrasound- 
derived radiofrequency analysis of plaque 
composition. Eurolntervention. 2008;4:318- 
23. doi: 10.4244/EIJV4I3A58. PubMed PMID: 
19110804. 

49 Jang IK, Bouma BE, Kang DH, Park SJ, Park 
SW, Seung KB, etal. Visualization of coronary 
atherosclerotic plaques in patients using 
optical coherence tomography: comparison 
with intravascular ultrasound. J Am Coll 
Cardiol. 2002;39:604-9. doi: 10.1016/S0735- 
1097(01)01799-5. PubMed PMID: 11849858. 

50 Goderie TP, van Soest G, Garcia-Garcia HM, 
Gonzalo N, Koljenovic S, van Leenders GJ, et 
al. Combined optical coherence tomography 
and intravascular ultrasound radiofrequency 
data analysis for plaque characterization. 
Classification accuracy of human coronary 
plaques in vitro. Int J Cardiovasc Imaging. 
2010;26:843-50. doi: 10.1007/s10554-010- 
9631-2. PubMed PMID: 20396951; PubMed 
Central PMCID: PMC2991172. 

51 Patel D, Hamamdzic D, Llano R, Patel D, 
Cheng L, Fenning RS, et al. Subsequent 
development of fibroatheromas with inflamed 
fibrous caps can be predicted by intracoronary 
near infrared spectroscopy. Arterioscler 
Thromb Vase Biol. 2013;33:347-53. doi: 
10.1161/ATVBAHA.112. 300710. PubMed 
PMID: 23288155. 

52 Fishbein MC. The vulnerable and unstable 



218 



Iran J Med Sci September 201 3; Vol 38 No 3 



Atherosclerosis velocity and cardiovascular risk 



atherosclerotic plaque. Cardiovasc Pathol. 
2010;19:6-11. doi: 10.1016/j.carpath.2008.08. 
004. PubMed PMID: 18835793. 

53 Richardson PD, Davies MJ, Born GV. 
Influence of plaque configuration and 
stress distribution on Assuring of coronary 
atherosclerotic plaques. Lancet. 1989;2:941- 
4. doi: 10.1016/S0140-6736(89)90953-7. 
PubMed PMID: 2571862. 

54 Ueda Y, Ogasawara N, Matsuo K, Hirotani S, 
Kashiwase K, Hirata A, et al. Acute coronary 
syndrome: insight from angioscopy. Circ J. 
2010;74:411-7. PubMed PMID: 20118566. 

55 Fleg JL, Stone GW, Fayad ZA, Granada JF, 
Hatsukami TS, Kolodgie FD, et al. Detection 
of high-risk atherosclerotic plaque: report of 
the NHLBI Working Group on current status 
and future directions. JACC Cardiovasc 
Imaging. 2012;5:941-55. doi: 10.1016/j. 
jcmg. 2012.07.007. PubMed PMID: 22974808. 

56 Yu SS, Ortega RA, Reagan BW, McPherson 
JA, Sung HJ, Giorgio TD. Emerging 
applications of nanotechnology for the 
diagnosis and management of vulnerable 
atherosclerotic plaques. Wiley Interdiscip Rev 
Nanomed Nanobiotechnol. 2011. doi: 10.1002/ 
wnan.158. PubMed PMID: 21834059. 

57 Wang X, Connolly TM. Biomarkers 
of vulnerable atheromatous plaques: 
translational medicine perspectives. Adv 
Clin Chem. 2010;50:1-22. PubMed PMID: 
20521438. 

58 Alsheikh-Ali AA, Kitsios GD, Balk EM, Lau J, 
Ip S. The vulnerable atherosclerotic plaque: 
scope of the literature. Ann Intern Med. 
2010;153:387-95. doi: 10.7326/0003-4819- 
153-6-201009210-00272. PubMed PMID: 
20713770. 

59 Ghayour-Mobarhan M, Sahebkar A, 
Parizadeh SM, Moohebati M, Tavallaie S, 
Rezakazemi-Bajestani SM, et al. Antibody 
titres to heat shock protein 27 are elevated 
in patients with acute coronary syndrome. 
Int J Exp Pathol. 2008;89:209-15. doi: 
10.1111/j.1365-2613. 2008.00586.x. PubMed 
PMID: 18460073; PubMed Central PMCID: 
PMC2525773. 

60 Heidari-Bakavoli AR, Sahebkar A, Mobara 
N, Moohebati M, Tavallaie S, Rahsepar 
AA, et al. Changes in plasma level of heat 
shock protein 27 after acute coronary 
syndrome. Angiology. 2012;63:12-6. doi: 
10.1177/0003319711406104. PubMed PMID: 
21555305. 

61 Tani S, Matsumoto M, Nakamura Y, Nagao 
K, Hirayama A. Association of the low- 
density lipoprotein cholesterol/high-density 
lipoprotein cholesterol ratio and body mass 



index with coronary plaque regression. Am 
J Cardiovasc Drugs. 2012;12:279-86. doi: 
10.2165/11632520-000000000-00000. 
PubMed PMID: 22747341. 

62 Thompson GR. The proving of the lipid 
hypothesis. Curr Opin Lipidol. 1999;10:201- 
5. doi: 10.1097/00041433-199906000-00002. 
PubMed PMID: 10431656. 

63 Mackness Ml, Mackness B, Durrington PN. 
Paraoxonase and coronary heart disease. 
Atheroscler Suppl. 2002;3:49-55. doi: 
10.1016/S1567-5688(02)00046-6. PubMed 
PMID: 12573363. 

64 Knopp RH. Risk factors for coronary artery 
disease in women. Am J Cardiol. 2002;89:28E- 
34E. doi: 10.1016/S0002-9149(02)02409-8. 
PubMed PMID: 12084401. 

65 Gordon DJ, Probstfield JL, Garrison RJ, 
Neaton JD, Castelli WP, Knoke JD, et al. 
High-density lipoprotein cholesterol and 
cardiovascular disease. Four prospective 
American studies. Circulation. 1989;79:8-15. 
doi: 10.1161/01.CIR.79.1.8. PubMed PMID: 
2642759. 

66 Feig JE, Rong JX, Shamir R, Sanson M, 
Vengrenyuk Y, Liu J, et al. HDL promotes 
rapid atherosclerosis regression in mice 
and alters inflammatory properties of plaque 
monocyte-derived cells. Proc Natl Acad 
Sci USA. 2011;108:7166-71. doi: 10.1073/ 
pnas.1016086108. PubMed PMID: 21482781; 
PubMed Central PMCID: PMC3084076. 

67 Hirayama A, Saito S, Ueda Y, Takayama T, 
Honye J, Komatsu S, et al. Qualitative and 
quantitative changes in coronary plaque 
associated with atorvastatin therapy. Circ 
J. 2009;73:718-25. doi: 10.1253/circj.CJ-08- 
0755. PubMed PMID: 19225206. 

68 Sastry P, Kaski JC. Atherosclerotic plaque 
regression - the role of statin therapy. Drugs 
Today (Bare). 2010;46:601-8. doi: 10.1358/ 
dot.2010. 46. 8. 1516983. PubMed PMID: 
20830320. 

69 Brown BG, Stukovsky KH, Zhao XQ. 
Simultaneous low-density lipoprotein-C 
lowering and high-density lipoprotein-C 
elevation for optimum cardiovascular 
disease prevention with various drug 
classes, and their combinations: a meta- 
analysis of 23 randomized lipid trials. Curr 
Opin Lipidol. 2006;17:631-6. doi: 10.1097/ 
MOL.0b013e32800ff750. PubMed PMID: 
17095907. 

70 Nicholls SJ, Tuzcu EM, Sipahi I, Grasso 
AW, Schoenhagen P, Hu T, et al. Statins, 
high-density lipoprotein cholesterol, and 
regression of coronary atherosclerosis. 
JAMA. 2007;297:499-508. doi: 10.1001/ 



Iran J Med Sci September 201 3; Vol 38 No 3 



219 



Kazemi-Bajestani SMR, Ghayour-Mobarhan M 



jama. 297.5.499. PubMed PMID: 17284700. 

71 Moohebati M, Bidmeshgi S, Azarpazhooh MR, 
Daloee MH, Ghayour-Mobarhan M, Tavallaie 
S, et al. Simvastatin treatment reduces heat 
shock protein 60, 65, and 70 antibody titers in 
dyslipidemic patients: A randomized, double- 
blind, placebo-controlled, cross-over trial. 
Clin Biochem. 2011;44:192-7. doi: 10.1016/j. 
clinbiochem.2010.09.016. PubMed PMID: 
20875810. 

72 Parizadeh SM, Azarpazhooh MR, Moohebati 



M, Nematy M, Ghayour-Mobarhan M, 
Tavallaie S, et al. Simvastatin therapy reduces 
prooxidant-antioxidant balance: results of a 
placebo-controlled cross-over trial. Lipids. 
2011;46:333-40. doi: 10.1007/s11745-010- 
3517-x. PubMed PMID: 21207250. 
73 Muhlestein JB. Effect of antiplatelet therapy 
on inflammatory markers in atherothrombotic 
patients. Thromb Haemost. 2010;103:71-82. 
doi: 10.1160/TH09-03-0177. PubMed PMID: 
20062914. 



220 



Iran J Med Sci September 201 3; Vol 38 No 3 



